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Abdominal aortic aneurysms (AAAs) represent
the thirteenth leading cause of death in the Western
world1 and the tenth leading cause of death of men
in the United States.2 Previous work has suggested
an increase in the incidence of AAAs during the last
three decades, and, in view of the rapid aging of our
population, one can anticipate a further significant
increase in the prevalence of aortic aneurysmal dis-
ease in the future.3 Although the operative repair of
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Objective: The safety and efficacy of conventional abdominal aortic aneurysm (AAA)
repair are undergoing increased examination in parallel with the development of less
invasive repair methods. Because most published studies of elective AAA repair report
operations performed in tertiary referral institutions and thus may not reflect the out-
come in the surgical community at large, the current population-based study was under-
taken to document the results obtained across a broad spectrum of clinical practice in a
defined geographic area and to examine the factors that influence the outcomes.
Methods: The Maryland Health Services Cost Review Commission database was used to
identify all the elective AAA repairs that were performed in all the nonfederal acute care
hospitals in the state from 1990 to 1995.
Results: Elective AAA repair was performed on 2335 patients (mean age, 70.4 years) in
46 of the 52 (88%) nonfederal acute care hospitals in the state, including seven high-vol-
ume (>100 cases), nine moderate-volume (50 to 99 cases), and 30 low-volume (<50
cases) institutions. The in-hospital mortality rate was 3.5% and increased significantly
with advancing age: less than 65 years, 2.2%; 65 to 69 years, 2.5%; 70 to 79 years, 3.5%;
and more than 80 years, 7.3% (P = .002). Mortality rates were higher for women (4.5%
vs 3.2%; P = .17), for blacks (6.7% vs 3.2%; P = .046), and for patients with renal fail-
ure (11.8% vs 3.4%; P = .11) but not for patients with hypertension, diabetes, heart dis-
ease, and pulmonary disease. The operative mortality rate was inversely correlated with
hospital volume (4.3% in low-volume hospitals, 4.2% in moderate-volume hospitals, and
2.5% in high-volume hospitals; P = .08), although no differences were noted in the mean
ages or comorbidity levels of patients who underwent operations in these three hospital
populations. The operative mortality rate was inversely correlated with the experience of
the individual surgeon: one case, 9.9%; two to nine cases, 4.9%; 10 to 49 cases, 2.8%; 50
to 99 cases, 2.9%; and more than 100 cases, 3.8% (P = .01). Multivariate analysis results
identified patient age (P = .002), low hospital volume (P = .039), and very low surgeon
volume (P = .01) as independent predictors of operative mortality. The mean length of
stay and mean hospital charges were 10.6 days and $17,589 and decreased with increas-
ing surgeon volume: one case, 22.7 days/$32,800; two to nine cases, 10.6 days/$18,509;
10 to 49 cases, 10.0 days/$16,611; 50 to 99 cases, 10.9 days/$17,843; and more than
100 cases, 9.6 days/$16,682 (P < .0001/P < .0001).
Conclusion: Elective AAA repair is a safe procedure in contemporary practice in
Maryland. Operative risk is increased among the elderly and when operations are per-
formed by surgeons with very low volumes or in low-volume hospitals. Hospital lengths
of stay were shorter and charges were lower when elective AAA repair was performed by
surgeons with higher volumes. (J Vasc Surg 1999;30:985-95.)
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ruptured AAAs continues to be associated with an in-
hospital mortality rate in the range of 50% and has
changed little during the last couple of decades,4-10
there has been a dramatic improvement, in recent
years, in the outcome of patients who undergo elec-
tive AAA repair.10-16 In one recent review of more
than 6000 elective AAA operations, for example, the
mean operative mortality rate was 4%.10 However,
most studies of the outcome of elective AAA repair
report operations performed in tertiary referral hos-
pitals or in other centers of excellence and, therefore,
may not reflect the outcome of the operation in the
surgical community at large.
The development of minimally invasive technology
has provided a less invasive and potentially less morbid
means for the treatment of AAAs.17-21 Ultimately,
however, the safety and efficacy of this new endovas-
cular therapy will have to be compared with the results
of conventional open surgical repair. The current pop-
ulation-based study, therefore, was undertaken to doc-
ument the results of elective AAA repair performed
across a broad spectrum of contemporary clinical prac-
tice in a defined geographic area and to analyze the
factors that influence outcome.
PATIENTS AND METHODS
The Maryland Health Services Cost Review
Commission (HSCRC) database was used to identify
all the patients who underwent elective surgical repair
of an AAA in all non-federal acute care hospitals in the
state between 1990 and 1995. A combination of
search terms was used, on the basis of the International
Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9) codes, to restrict the records to
patients who underwent an elective operative repair of
the aneurysm. Searches included the following criteria:
(1) presence of a diagnostic code for AAA (441.4) in
the primary diagnostic code position; (2) presence of a
procedural code for AAA repair (38.34, 38.44, 38.64,
38.84, or 39.54) in the primary procedural code posi-
tion; (3) presence of one of the 10 vascular diagnostic
related group codes (5, 110-114, 119, 120, 478, or
479); and (4) presence of the descriptive code indicat-
ing an elective admission to the hospital, rather than an
urgent, emergent, or unknown type of admission.
Only the records that satisfied all four criteria were
selected for examination. This combination of search
codes was used to eliminate thoracoabdominal aortic
aneurysms, ruptured AAA repairs, and aneurysm
repairs performed because of other surgeries and to
minimize coding errors. Suprarenal repairs were not
separately identified. The validity of this algorithm was
tested with the examination of all the known elective
AAA repairs performed at the Johns Hopkins Hospital
from 1993 to 1995. The algorithm identified 112
elective repairs among 313 admissions found to
include a code for AAA. All 313 cases were individual-
ly reviewed. Of the 112 elective AAA repairs identified,
109 were correct (97.3%), and 193 of the 201 exclud-
ed cases were correct (96.0%). All the incorrectly
selected cases were the results of coding errors.
The patient variables that were identified includ-
ed age, gender, race, hypertension (diagnostic codes
401-405), smoking (305.1, 491.0, 472.1, or 528.6),
diabetes (250), heart disease (391, 394-398, 402,
404, 411-414, 416, or 425), chronic obstructive pul-
monary disease (415.0, 416.8-416.9, 491-494, or
496), renal disease (585-586, V42.0, V45.1, or
V56),22,23 and medical complexity score. The med-
ical complexity score was determined with a propri-
etary software package of the HSCRC that per-
formed a stepwise quantitative and qualitative analy-
sis of the severity level of the preoperative primary
and secondary diagnoses in each case to assess over-
all patient comorbidity, and it was graded in increas-
ing severity from 1 through 4. However, because the
algorithm was derived from underlying risk factors
otherwise included in the logistic regression analysis,
the complexity score was omitted from that analysis.
The hospitals were stratified as low-volume (n =
30), moderate-volume (n = 9), or high-volume (n = 7)
AAA institutions, defined as having performed a total
of less than 50, 50 to 99, or more than 100 elective
AAA repairs during the 6-year study period, respec-
tively. The surgeons were similarly stratified as having
very low (n = 71), low (n = 83), moderate (n = 56),
high (n = 6), or very high (n = 3) volumes if they per-
formed one, two to nine, 10 to 49, 50 to 99, or more
than 100 elective AAA repairs, respectively, during the
study period. The outcomes that were studied includ-
ed in-hospital mortality rate, hospital length of stay
(LOS), and total hospital charges, exclusive of surgeon
fees. In Maryland, the hospital charges are established
by the HSCRC on the basis of cost.
The categorical variables were analyzed with the
c
2 test or the Fisher exact test. The continuous vari-
ables were analyzed with analysis of variance for nor-
mally distributed variables and the Mann-Whitney test
or the Kruskal-Wallis test for other variables. Multiple
logistic regression was used for multivariate analysis.
Statistical analysis was performed with Statview v5.0
software (SAS Institute, Cary, NC).
RESULTS
From January 1990 through December 1995,
3820 patients underwent AAA repair in the state of
Maryland. Of these, 527 (13.8%) who underwent
repair for a ruptured aneurysm were reported previ-
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ously9 and, therefore, were excluded from this analy-
sis. Of the remaining 3293 cases, 406 were per-
formed emergently, 539 were performed urgently,
and 13 were not classified and also were excluded.
Thus, 2335 cases satisfied our criteria for elective
AAA repair and formed the basis of this study. A
summary of the patient characteristics and the out-
comes of operation is presented in Table I.
The operative mortality rate among all the cases
during the 6-year interval was 3.5%, and the rate
increased significantly with advancing age (Table
II). This increase in mortality rate correlated with a
significant increase in comorbidity, as defined with
the medical complexity score, with advancing age
(Table II). The female patients were significantly
older (71.8 ± 0.3 years vs 70.1 ± 0.2 years; P <
.0001, with Mann-Whitney test), had a higher
mean complexity score (2.43 ± 0.04 vs 2.34 ± 0.02;
P = .047), and had increased mortality rates as com-
pared with male patients, although this difference
was not statistically significant (Table III). The
operative mortality rate was significantly higher
among black patients in comparison with white
patients (6.7 ± 2.2% vs 3.2% ± 0.4%; P = .046; Table
III), although the black patients were younger than
the white patients (68.9 ± 0.7 years vs 70.5 ± 0.2
years; P = .026, with  Mann-Whitney test) and had
a comparable mean complexity score (2.40 ± 0.08
vs 2.36 ± 0.02; P = .65).
The operative mortality rate was lower among the
patients who underwent operation in high-volume
hospitals as compared with low-volume or moderate-
volume hospitals, although this difference was not sta-
tistically significant (Table IV). Furthermore, the
operative mortality rate was highest among the sur-
geons with lower volumes (P = .0106; Table V).
There were no differences in the mean ages of the
patients with underwent operation by the five sur-
geon-volume groups, although the mean medical
complexity score of the patients who underwent oper-
ation by the surgeons with very low volumes, who
had the highest operative mortality rate, was higher
than that of other surgeons (P < .0001; Table V).
The results of a multivariate analysis of the factors
that influence mortality are presented in Table VI.
Advanced age (P = .002) and operations that were per-
formed in low-volume hospitals (P = .039) or by sur-
geons with very low volumes (P = .01) were indepen-
dent predictors of in-hospital mortality (Table VI).
There was a trend towards black race as a risk factor,
and hypertension and pulmonary disease appeared to
be protective for in-hospital mortality (Table VI).
Although the in-hospital mortality rate of the
patients who underwent elective AAA repair varied
significantly from year to year during the course of
the study (P = .037), there was no consistent reduc-
tion over time (P = .65, with c 2 test; Table VII).
Patient age did not significantly increase during the
study period, but there was a significant increase in
the mean medical complexity scores of this patient
population over time (P < .0001; Table VII).
The total hospital charges significantly increased
during this 6-year interval, although there was a sig-
nificant decline in the total hospital and intensive
care unit (ICU) LOS (Table VII). Total hospital
charges (P < .0001) and LOS (P < .0001) signifi-
cantly increased with advancing patient age (Table
II). Female patients had a significantly longer LOS
(11.4 ± 0.4 days vs 10.4 ± 0.2 days; P = .0004), a
longer ICU LOS (3.9 ± 0.2 days vs 3.4 ± 0.1 days;
P = .107), and significantly higher total hospital
charges ($18,781 ± $628 vs $17,256 ± $306; P =
.002) in comparison with male patients. Black
patients had a significantly longer hospital LOS
(11.2 ± 0.9 days vs 10.5 ± 0.2 days; P = .026) and
significantly higher hospital charges ($18,830 ±
$895 vs $17,502 ± $288; P < .0001) in comparison
with white patients, although there was a trend
towards shorter ICU LOS among black patients
(3.2 ± 0.4 days vs 3.5 ± 0.1 days; P = .108).
Although there were no differences in the total
hospital LOS among the three hospital-volume
groups, the patients who underwent AAA repair in
the low-volume hospitals incurred significantly high-
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Table I. Summary of patient demographics and
outcomes
No. of patients 2335
Age 70.4 ± 7.5 years 
Age range 20 to 93 years
Complexity 2.36 ± 0.02
Male:female ratio 1825:510 (78%:22%)
White:black* ratio 2192:134 (94%:6%)
Mortality rate 3.5% ± 0.4%
Length of stay (days) 10.6 ± 0.2
ICU length of stay (days) 3.5 ± 0.1
Mean hospital charge $17,589 ± $276
Routine $7240 ± $128
Operating Room $2464 ± $28
Medications $1379 ± $46
Radiology $662 ± $18
Laboratory $1381 ± $33
Supplies $2504 ± $35
Therapy $962 ± $29
Other $996 ± $29
Total hospital charges $41.1 million
ICU, Intensive care unit.
All values are listed as mean ± standard error of the mean, except
for age, where the mean ± standard deviation is given.
*Nine patients either had no code recorded or were coded as other.
er total hospital charges (Table IV). In addition, the
patients who underwent operations performed by
surgeons with very low volumes had significantly
longer hospital LOS (P < .0001) and total hospital
charges (P < .0001; Table V).
DISCUSSION
A growing body of evidence indicates that elective
AAA repair has become an extremely safe procedure
in recent years, with operative mortality rates consis-
tently reported to be less than 5%.4-10 However, most
published series document the results of the operation
performed in large tertiary referral centers and thus
may not reflect the outcome of the procedure in the
surgical community at large.24 For example, although
one recent review of more than 6000 elective AAA
repairs performed from 1981 through 1992 noted a
mean operative mortality rate of 4%, only reports with
a minimum of 200 cases were included.10 Although
much less attention has been devoted to population-
based analyses, the available evidence suggests that
the improvement in surgical outcome documented in
individual institutional series may also be occurring
across a broader spectrum of clinical practice.
For example, in a review of all the elective AAA
repairs performed for Medicare beneficiaries in the
state of Kentucky during 1983, the operative mor-
tality rate was 6%.6 Katz et al15 reported an operative
mortality rate of 7.5% among more than 8000
patients who underwent elective AAA repair in the
state of Michigan from 1980 through 1990, and
they documented a decline in the mortality rate
from 13.6% in 1980 to 5.6% in 1990. In a review of
more than 3000 elective AAA repairs performed in
all Veterans Administration medical centers from
1991 through 1993, the operative mortality rate was
4.9%.14 The current study included all the elective
cases that were performed in all nonfederal hospitals
across an entire state, including community hospitals
and academic referral centers, in both urban and
rural locations, from 1990 through 1995. The oper-
ative mortality rate of 3.5% that was observed in this
analysis further confirms the safety of elective AAA
repair in contemporary practice today and is consis-
tent with the improvement in surgical outcome that
was noted in these earlier population-based studies.
Although we observed some variability in the oper-
ative mortality rate from year to year, there was not
a consistent reduction in the mortality rate with time
(Table VII). It may be that the duration of the study
was too brief to uncover such a trend.
A number of demographic variables were exam-
ined for their influence on surgical outcome. As noted
in Table II, the operative mortality rate increased with
advancing age and was 7.3% among those patients
aged 80 years and older. The influence of age on
operative mortality documented in the present study
is consistent with the findings of several other
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Table II. Influence of patient age on outcomes
Age group (years) No. of patients Mortality rate Complexity Length of stay (days) Hospital charge
<65 447 2.2% ± 0.7% 2.11 ± 0.04 9.0 ± 0.3 $15,477 ± $517
65 to 69 570 2.5% ± 0.6% 2.27 ± 0.04 9.5 ± 0.3 $16,454 ± $410
70 to 79 1072 3.6% ± 0.6% 2.47 ± 0.03 11.3 ± 0.3 $18,224 ± $439
‡ 80 246 7.3% ± 1.7% 2.57 ± 0.06 12.9 ± 0.6 $21,291 ± $1148
P value .0021† <.0001* <.0001* <.0001*
*With Kruskal-Wallis test.
†With c 2 test.
Table III. Influence of patient demographics on
mortality rate
No. of Mortality
Variable patients rate P value
Gender
Female 510 4.5% ± 0.9% .17
Male 1825 3.2% ± 0.4%
Race
White 2192 3.2% ± 0.4% .046
Black 134 6.7% ± 2.2%
Hypertension
Yes 893 2.6% ± 0.5% .08
No 1442 4.0% ± 0.5%
Diabetes
Yes 168 3.0% ± 1.3% .99
No 2167 3.5% ± 0.4%
Pulmonary disease
Yes 733 2.6% ± 0.6% .14
No 1602 3.9% ± 0.5%
Smoker
Yes 95 1.1% ± 1.1% .26
No 2240 3.6% ± 0.4%
Cardiac disease
Yes 691 3.2% ± 0.7% .71
No 1644 3.6% ± 0.5%
Renal disease
Yes 17 11.8% ± 8.1% .11
No 2318 3.4% ± 0.4%
*With Fisher exact test.
reports,15,25-27 although some investigators have
challenged this.14,28,29 Unlike most previous analyses,
however, we controlled for patient comorbidity as
assessed by the medical complexity score, and, as
noted in Table II, medical complexity increased sig-
nificantly with increasing age.
We also examined the influence of gender and
race on the outcome of surgical repair of aortic
aneurysms in our state. As in other large series,15,30
the women were significantly older than the men
who underwent AAA repair. Furthermore, we
observed a trend towards a higher operative mortal-
ity rate among women (4.5% vs 3.2%) in the current
study. These findings are consistent with the 40%
higher operative mortality rate after elective AAA
repair among women in the Michigan analysis15,30
and most likely reflects the greater comorbidity
among older patients as documented in the current
analysis. Similar gender differences in surgical out-
come have also been observed among patients who
undergo coronary revascularization.31
We also observed a significantly higher operative
mortality rate among black patients. To our knowl-
edge, this study is the first population-based analysis
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Table IV. Influence of hospital volume on outcomes
No. of No. of Length of stay
Hospital class hospitals cases Mortality rate Age (years) Complexity (days) Hospital charge
Low volume 30 679 4.3% ± 0.8% 70.1 ± 0.3 2.33 ± 0.04 10.9 ± 0.3 $19,153 ± $550
Moderate volume 9 624 4.2% ± 0.8% 70.5 ± 0.3 2.38 ± 0.04 10.5 ± 0.3 $16,618 ± $467
High volume 7 1032 2.5% ± 0.5% 70.6 ± 0.2 2.37 ± 0.03 10.4 ± 0.3 $17,148 ± $421
P value .08* .25† .69† .31† .001†
*With c 2 test.
†With Kruskal-Wallis test.
Table V. Influence of surgeon volume on outcomes
No. of No. of Length of stay
Surgeon class surgeons cases Mortality rate Age (years) Complexity (days) Hospital charge
Very low volume 71 71 9.9% ± 3.6% 70.6 ± 0.9 2.94 ± 0.13 22.7 ± 3.2 $32,800 ± $4091
Low volume 83 369 4.9% ± 1.1% 70.4 ± 0.4 2.42 ± 0.05 10.6 ± 0.4 $18,509 ± $699
Moderate volume 56 1200 2.8% ± 0.5% 70.1 ± 0.2 2.34 ± 0.03 10.0 ± 0.2 $16,611 ± $293
High volume 6 348 2.9% ± 0.9% 71.3 ± 0.4 2.32 ± 0.05 10.9 ± 0.5 $17,843 ± $532
Very high volume 3 344 3.8% ± 1.0% 70.6 ± 0.4 2.29 ± 0.05 9.6 ± 0.4 $16,682 ± $871
P value .0106* .229† <.0001† <.0001† <.0001†
Three patients had no surgeon recorded and were excluded.
*With c 2 test.
†With Kruskal-Wallis test.
Table VI. Multivariate analysis of factors that influence operative mortality rate
Variable* Regression coefficient Odds ratio 95% Confidence interval P value
Age 0.060 1.06 1.02 – 1.10 .002
Low-volume hospital 0.740 2.10 1.04 – 4.27 .039
Very low-volume surgeon 1.180 3.26 1.32 – 8.03 .010
Gender 0.227 1.26 0.75 – 2.10 .389 
Race 0.688 1.99 0.92 – 4.32 .082
Medicaid 0.728 2.07 0.16 – 26.20 .574
Hypertension –0.477 0.62 0.37 – 1.05 .076
Diabetes 0.009 1.01 0.39 – 2.58 .985
Pulmonary disease –0.494 0.61 0.35 – 1.05 .076
Smoking history –0.761 0.47 0.06 – 3.46 .457
Cardiac disease –0.039 0.96 0.56 – 1.64 .887
Renal disease 1.251 3.49 0.72 – 16.91 .120
*Low-volume hospitals were compared with high-volume hospitals; very low-volume surgeons were compared with moderate-volume
surgeons; race included only white and black patients; and Medicaid was compared with Medicare.
to examine the influence of race on the outcome of
elective AAA repair. This difference in outcome is
particularly intriguing because the black patients
were significantly younger than the white patients
and had comparable medical complexity scores.
Possible explanations include the following: differ-
ences in the pattern of atherosclerosis among black
patients as compared with white patients32; a differ-
ent distribution of black and white patients among
the various providers or the hospitals in which the
operations were performed, as observed in the treat-
ment of coronary artery disease33,34; or other con-
founding variables.
We also observed a trend towards increased mor-
tality among patients with pre-existing renal disease
and an apparent protective effect of hypertension
and pulmonary disease with respect to operative
mortality (Tables III and VI), as has been observed
by other investigators.15,28,30 The latter, somewhat
paradoxical, observation may reflect an improved
outcome among patients with these conditions in
whom the diagnosis has been established and treat-
ment administered, limitations of a large insurance
coding database, or other factors.9,15
Clearly, all of these demographic variables are
nonmodifiable (ie, beyond the control of the patient
and the healthcare provider). On the other hand,
two factors that are within the control of the patient,
and that the current study observed to influence
outcome, are the surgeon who performs the opera-
tion and the hospital in which the AAA repair is per-
formed. Several previous studies have examined the
influence of operative volume on the outcome of
elective AAA repair, with both hospital and surgeon
caseload. For example, Katz et al15 reported a mor-
tality rate of 6.2% in hospitals in which more than 21
AAA repairs were performed annually as compared
with 8.9% (P < .001) in hospitals with lower annual
caseloads. In a recent study of AAA repairs in
Ontario, after adjustment for patient and hospital
covariates, each 10 case-per-year increase in hospital
volume was related to a 6% reduction in relative
odds of death.27 In another study from the state of
New York, there was an inverse relationship between
hospital volume and mortality rate for unruptured
aneurysms.35 A similar relationship was noted in 
a recent experience in Veterans Administration
Hospitals.14 The current study confirms this work
because we observed an inverse correlation between
hospital caseload and operative mortality rate (Table
IV) and multivariate analysis identified low hospital
volume as an independent risk factor for operative
mortality rate (Table VI).
Although hospital volume traditionally has been
used in population-based studies as a surrogate mark-
er for individual surgeon caseload, we found that this
may not always be accurate in a previous analysis of
the outcome of ruptured aortic aneurysm repair.36
We, therefore, also examined the influence of surgeon
caseload on outcome and identified an inverse corre-
lation between operative volume and in-hospital mor-
tality rate (ie, the highest mortality rate was present in
patients who underwent operation by surgeons with
very low volumes). Although this observation is con-
sistent with previous work,37 it should be noted that
the mean medical complexity score of the patient
population who underwent operation by the surgeons
with very low volumes was significantly higher than
that of the other four patient populations (Table V).
This suggests that the surgeons with the lowest vol-
umes were generally operating on the sicker patients.
It is not unreasonable to speculate that the recently
trained surgeons, or the more established surgeons
who perform major vascular surgical procedures rela-
tively infrequently, were less selective in operating on
patients with AAAs than the more well-established
and experienced vascular surgeons. Unfortunately, the
anonymous nature of the state database precluded our
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Table VII. Outcomes versus year of operation
Total length ICU length of
Year No. of cases Mortality rate Age (years) Complexity of stay (days) stay (days) Hospital charge
1990 361 2.2% ± 0.8% 70.1 ± 0.4 2.1 ± 0.05 11.9 ± 0.5 4.1 ± 0.3 $15,694 ± $692
1991 380 6.1% ± 1.2% 70.2 ± 0.4 2.2 ± 0.05 10.4 ± 0.3 3.4 ± 0.2 $15,056 ± $445
1992 396 2.3% ± 0.7% 70.3 ± 0.4 2.2 ± 0.05 11.8 ± 0.6 3.7 ± 0.2 $18,085 ± $769
1993 410 4.4% ± 1.0% 70.4 ± 0.4 2.4 ± 0.04 10.0 ± 0.4 3.2 ± 0.2 $18,138 ± $639
1994 363 3.0% ± 0.9% 70.5 ± 0.4 2.7 ± 0.04 10.4 ± 0.5 3.5 ± 0.2 $19,511 ± $802
1995 425 2.8% ± 0.8% 70.9 ± 0.4 2.7 ± 0.04 9.2 ± 0.3 3.3 ± 0.2 $18,831 ± $635
P value .037* .73† <.0001* <.0001† .04† <.0001†
ICU, Intensive care unit.
*With c 2 test.
†With Kruskal-Wallis test.
ability to ascertain information, such as board certifi-
cation, years in practice, and other relevant data.
Nevertheless, multivariate analysis identified surgeons
with very low volumes as an independent risk factor
for operative mortality. Nothing in this analysis chal-
lenges the intuitive observation that the optimal
results of elective AAA repair will be achieved when
operations are performed by experienced surgeons in
high-volume centers.
Finally, at a time of increasing pressure for
healthcare cost containment, it is not surprising that
we noted a highly significant reduction in LOS dur-
ing the 6 years of this analysis. This reflected a
reduction in both ICU and total hospital LOS. In
fact, hospital LOS was nearly 3 days shorter in 1995
as compared with 1990. This reduction most likely
reflects the increasing practice of outpatient diag-
nostic testing, same-day admission for surgery, and
the implementation of postoperative critical path-
ways.38,39 Nevertheless, we still observed a signifi-
cant increase in total hospital charges during this
interval (Table VII). Because there was a significant
increase with time in the mean medical complexity
scores of the patients who underwent operation, this
increase in total charges may have reflected, at least
in part, the performance with time of elective AAA
repair on increasingly sicker patients (Table VII). We
also observed a significant increase in hospital LOS
and total charges with advancing age, which is con-
sistent with greater comorbidity among older
patients (Table II).
The economic outcome of operation was also sig-
nificantly influenced by the providers of care and the
hospitals in which the operations were performed. We
noted no difference in the mean hospital LOS among
patients who underwent operation in the low-vol-
ume, moderate-volume, and high-volume institutions
(Table IV). As noted in Table IV, this is not unex-
pected because the comorbidity levels of the three
patient populations, as reflected in their medical com-
plexity scores, were comparable. Nevertheless, the
total hospital charges were significantly higher among
the patients who underwent elective AAA repair in
the low-volume hospitals, which suggests that more
cost-effective healthcare is being delivered in hospitals
in which the operation is performed on a more regu-
lar basis. Nevertheless, the total charges for elective
AAA repair in the low-volume hospitals are still 30%
lower than the mean charges for all the patients who
underwent attempted repair of a ruptured AAA in
Maryland during this same time interval.9 We also
observed an inverse correlation between individual
surgeon caseload and LOS/charges (Table V). In
fact, LOS was more than twice as long and hospital
charges were nearly double among patients who
underwent operations performed by surgeons with
very low volumes. Unfortunately, the nature of the
Maryland HSCRC database precluded the perfor-
mance of an accurate assessment of postoperative
complications, which are recognized to be an impor-
tant determinant of hospital LOS and cost. Although
the surgeons with very low volumes may have been
operating on patients who were generally sicker, as
noted previously, our data also indicate that the most
cost-effective AAA repairs are being performed by
surgeons who operate on aortic aneurysms on a reg-
ular basis (Table V).
Finally, there is no consensus on the minimal
operative volume necessary to maintain acceptable
skill in the performance of major vascular surgical
operations.40 Although we found that 219 surgeons
performed at least one elective AAA in Maryland dur-
ing this 6-year period, 78% of the operations were
performed by surgeons who were classified as moder-
ate-volume, high-volume, or very high-volume oper-
ators, and nearly one third of the cases were per-
formed by the 4% of surgeons who were classified as
high-volume or very high-volume operators. It seems
clear that in Maryland abdominal aortic aneurysms
are being increasingly repaired by surgeons who per-
form the procedure on a regular basis, and we believe
that the remarkably low operative mortality rate
among all the cases statewide in large measure reflects
the increasing concentration of cases in the hands of
experienced vascular surgeons.
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Dr Thomas F. Panetta (Brooklyn, NY). It is a pleasure
for me to discuss this superb paper and very nice presen-
tation. The Hopkins group has set another standard for
the state with more than 2300 aneurysm repairs and a
respectable mortality rate of 3.5%.
They have also pointed out some interesting features.
There are so many nuances of this paper that I cannot go
into all of them, but the interesting features include the
gender and race issues and the results of mortality and
complications in patients undergoing aneurysm repair.
I would like to focus my comments and questions on
four areas. The first is the methodology. I wonder whether
you could comment on the validation that you did at your
own institution. One hundred and twelve cases were vali-
dated, but, of 313 cases with an aneurysm diagnosis, did
those 201 patients have ruptured thoracoabdominal
aneurysms or were they just admitted with a diagnosis of
aneurysm? And that is more than two thirds of the
patients, so what impact does that have on your overall
validity of this particular paper?
Nine hundred and forty-five patients underwent
emergent or urgent aneurysm repair. But if these
aneurysms were not ruptured, why were they not includ-
ed as elective aneurysms? Or is there any difference
between emergent and urgent morbidity and mortality?
With regard to methodology—always suspect in this type
of a paper is the coding uniformity and the practices—can
you reassure us that throughout Maryland your coding is
done very well at all these hospitals?
The second area is patients at high risk. Black patients
had a 6.7% mortality rate. Those patients who were more
than 80 years old had a rate of 7.3%. Renal failure gave a
rate of 11.8%. And when the case was performed by a sur-
geon who performed only one case, there was a 9.9% mor-
tality rate. Can you comment on these patients at high risk
with regard maybe to the cardiac evaluations? Are your
recommendations that we do more extensive cardiac
workups, or Persantine thalium scans on these patients,
and what are your recommendations with regard to
endovascular repair in these patients at high risk? Your
introduction set this up as a paper to compare whether or
not endovascular cases should be done. So, on this basis,
do you recommend endovascular repair in these patients at
high risk?
We can take it one step further. Dr May’s report of mor-
tality rate was 5.6% with his early experience. The recent
papers in the Journal of Vascular Surgery this year showed
2.6% mortality rates with Endovascular Technologies
(Menlo Park, Calif) and AneuRx (Medtronic AneuRx, Inc,
Eden Prairie, Minn). But clearly, these endovascular repairs
have less complications, less morbidity, less blood loss, and
certainly a shorter length of stay, if this is going to be your
standard. If we can show a statistical significance on the
basis of your assumption of historical controls here, then
should we be recommending endovascular repair in all
patients or just the patients at high risk?
And then, finally, maybe you could comment on the
impact of endovascular repair in Maryland since 1995. If
you do not know necessarily what is going on statewide,
maybe you could comment on your own experience at
Hopkins. I know you are using the Vanguard device
(Boston Scientific, Oakland, NJ). Has this had any influ-
ence on your recommendations with regard to recom-
mending endovascular surgery on the basis of reduced
morbidity and mortality?
I would like to thank the Society for the opportunity
to discuss this important paper.
Dr Bruce A. Perler. I would like to thank Dr Panetta
for his insightful and kind comments. There were, I think,
six questions, several dealing with methodology and per-
haps the most important dealing with the data validation
process. I think that when one sets out to do a study like
this with a large insurance coding database, whether it be
a state database or the Medicare MEDPAR database,
clearly the first step, the rate limiting reaction, is the accu-
rate identification of the patients to make certain they have
the condition, or in this case, underwent the operation,
that you want to study.
We identified patients who underwent abdominal aor-
tic aneurysm surgery electively through a combination of
three codes (diagnostic-related group, current procedural
terminology, and diagnosis codes), and we also used mod-
ifiers or descriptive codes for elective admission. Having
established that algorithm, we then looked at a 2-year
experience of aortic aneurysm cases at the Johns Hopkins
Hospital, and this totaled, as Dr Panetta said, a little more
than 300 cases. It included patients who had a diagnosis of
an aortic aneurysm. It may have been an aneurysm that was
repaired in the past, or a patient with an aneurysm that was
being followed, often in patients admitted to the hospital
for other procedures, such as a carotid endarterectomy or
a femoral-popliteal bypass grafting procedure or for anoth-
er disease process, such as an acute myocardial infarction.
With those cases excluded, there were 112 cases that qual-
ified as an elective abdominal aortic aneurysm repair for
that admission by our algorithm. Of those 112 cases, 97%
in fact were elective abdominal aortic aneurysm repairs.
Furthermore, 97% of the excluded cases, of that 200-plus
group, were correctly excluded. The incorrect exclusions
or inclusions, roughly 3% of the cases, respectively reflect-
ed coding errors. I think we are pretty confident that the
overwhelming majority of cases that we included in this
study, 2335, were elective admissions for abdominal aortic
aneurysm repair.
Dr Panetta asked a question about why we did not
include emergent or urgent operations. We have published
our statewide experience with ruptured aneurysms. One
could make the argument that we should have included
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patients who underwent urgent or emergent operations
with the unruptured aneurysms. However, I think our lit-
erature during the last 20 years is pretty clear that the
patients who undergo urgent operation have a consider-
ably higher operative mortality rate than the patients who
undergo operation truly in the elective setting, even if the
aneurysm is noted to be intact at that urgent operation.
So, I think that including those few hundred cases proba-
bly would have increased the operative mortality rate and
therefore contaminated the results in terms of trying to
define what is truly the outcome of elective repair in prac-
tice today.
There was also a question about coding accuracy. As I
said, we could only authenticate the coding accuracy in
our hospital. It was 97% accurate in terms of patient iden-
tification. Obviously, the accuracy of our data analysis is
dependent on the accuracy of the coding information. In
that regard, we tried to look at very specific, very objec-
tive, outcomes: death, which is pretty hard to miss;
charges; and the number of days the patient spent in the
hospital. If you try to look at things like perioperative
myocardial infarctions or postoperative renal insufficiency,
or how many patients were smokers—and we did some of
this—the data becomes softer. Is a patient coded as a
smoker if they smoked 20 years ago but have not smoked
since? Or are they coded as a nonsmoker if they quit smok-
ing 2 days before they were admitted for the surgery? So,
certainly there is the potential for coding uncertainty. But,
in terms of the main outcomes measured and the identifi-
cation of patients for elective abdominal aortic aneurysm
repair, I think we were very accurate.
Dr Panetta raised the issue of patients at high risk. Our
study identifies age as a significant risk factor, and this
relates to his question about endovascular repair. It was not
the purpose of this study to identify the patients who might
be appropriate candidates for endovascular repair, but I
think it is very clear that the patients who were more than
80 years old, because of their increased mortality with elec-
tive repair, their increased length of stay, and their
increased charges, and also because of their relatively limit-
ed life expectancy as compared with the younger patients,
might be the most appropriate stent graft candidates, at
least during our initial experience with endovascular repair.
Dr Panetta asked a question about cardiac workup in
patients at high risk. The methodology of this study did
not allow us to determine the extent of cardiac evaluation
performed on these patients or, therefore, to make a rec-
ommendation in this area. Let me talk about two other
groups. Women had somewhat higher mortality rates than
did men, as I pointed out. This is not an unusual finding.
It was exactly the same as the finding in the large Michigan
abdominal aortic aneurysm study of a decade ago in which
women had a 40% increased mortality rate. In our study,
we controlled for comorbidity. And women, as we all
know, tend to be about 5 to 7 years older than men when
they present with abdominal aortic aneurysm, and, by our
medical complexity score, women had a somewhat greater
comorbidity, which I think explains their higher mortality
rate in Maryland. Whether to subject more of them to car-
diac workup, I think, is something that obviously has to be
decided on an individual basis.
The intriguing finding was the somewhat higher mor-
tality rate in black patients as compared with white
patients. I do not know whether there is another large
population-based study that has demonstrated this trend.
We are pursuing this observation because we believe it
may in part be an issue of access to optimal care. There
have been a number of studies in the cardiology literature
that indicated that, of patients who undergo cardiac inter-
ventions for coronary artery disease, black patients tend to
have more severe coronary artery disease—for example, a
higher incidence of congestive heart failure—and this may
reflect or relate to insurance and access-to-care issues.
That is one potential explanation for our abdominal aortic
aneurysm findings. For example, do these patients have
access to the higher volume facilities or to the most expe-
rienced surgeons, or are there other possible explanations,
such as the distribution or extent of atherosclerotic occlu-
sive disease, as defined by Dr Sidawy and his group, with
respect to lower extremity ischemia? This certainly is an
issue that needs to be addressed in future investigations.
Finally, how will this study impact our treatment of
patients with endoluminal grafts? In terms of our investi-
gational device, the patients had to be in reasonably good
health to undergo endovascular repair. I do not think that
it really has influenced whom we have included in our
study. But again, I think, in the future, that the very elder-
ly patient with perhaps limited life expectancy and perhaps
a somewhat higher mortality with conventional abdominal
aortic aneurysm repair would be a good candidate for
stent graft repair of aneurysm.
Dr Takao Ohki (Bronx, NY). I have one simple question
and one comment. When you divided the surgeons or the
hospital into high volume or low volume, were those num-
bers annual numbers or is it the 6-year interval number?
Dr Perler. They were total numbers of cases. These
definitions are admittedly arbitrary.
Dr Ohki. So, when you say one case per surgeon, that
means one per 6 years?
Dr Perler. Correct. A surgeon with very, very low volume.
Dr Ohki. Thank you. And my comment is about
endovascular repair and its mortality rate. You try to set a
standard that the endovascular repair has to challenge, and
you strictly focus on mortality rate and the length of stay.
I respect your mortality rate of 3.5%, and that is quite dif-
ficult to beat. However, I would like to tell you that mor-
tality rate is not the only reason the endovascular field is
going ahead. If we look at laparoscopic cholecystectomy,
we did not develop that because of the high mortality rate
after open repair. Clearly, the patients are going to look for
minimally invasive, fancy technology. And no matter how
low the mortality rate is, it is not going to stop this field.
So, I think that you should look into the quality of life
issue rather than the mortality rate. Thank you.
Dr Perler. I completely agree with everything you say.
The purpose of this paper was not to challenge the role or
JOURNAL OF VASCULAR SURGERY
994 Dardik et al December 1999
the growth of endovascular treatment of abdominal aortic
aneurysms or to say that this is the standard that endovascu-
lar repair has to beat or equal. Clearly, they are two different
procedures, and they each have two specific and different
types of potential complications. As we all know, there are
leaks and other problems associated with the stent graft
treatment of abdominal aortic aneurysms, so that reinter-
ventions are required down the line in some cases, whereas I
suspect that the vast majority of these 2000 patients who
underwent repair of abdominal aortic aneurysm did not
require anything further done on that graft for the duration
of their lives. Nevertheless, I firmly believe that, as stent graft
technology continues to evolve, it will become a valuable
part of our therapeutic armamentarium for the treatment of
many patients with abdominal aortic aneurysms.
Dr Thomas F. O’Donnell, Jr (Boston, Mass). I just
think that it is a very interesting study and paradox that
you have tried to explain. In our study that we are pre-
senting in June at the Society of Vascular Surgery meeting
on carotid arteries we were able to look at the use of the
intensive care unit. I just wondered whether, in your data-
base, you were able to look at it.
Dr Perler. We broke down length of stay in terms of
total hospital length of stay and intensive care unit length
of stay, and both declined. The decline in intensive care
unit length of stay and the decline in total hospital length
of stay were fairly comparable.
Dr Enrico Ascher (Brooklyn, NY). Bruce, I noticed
that when you presented the differences between the sur-
geon with low volume and the surgeon with high volume,
the surgeon with a low volume was operating on a patient
at high risk. If you ever take this into account, would you
still have a significant difference? And is the surgeon with a
low volume in a low-volume hospital? That means that if
you take into account the fact that he operated on a patient
at high risk and expected the mortality rate would be high-
er, you may not have a statistically significant difference for
the surgeon. And if he is in the low-volume hospital, you
will not have for the hospital either. Is that possible?
Dr Perler. One can do a cross-sectional analysis con-
trolling both for surgeon volume and for hospital volume.
We did not do that in this study. It is true that the sur-
geons with the lowest volumes operated on patients with
greater comorbidities as defined by the medical complexi-
ty score. We did do a multiple logistic regression analysis,
and, after subjecting all of these factors to that analysis, the
surgeon caseload was still an independent predictor of
increased mortality rate.
Dr Anton N. Sidawy (Washington, DC). Bruce, a
question about mortality. Does this mortality rate reflect
30-day mortality rate or an in-hospital postoperative mor-
tality rate?
Dr Perler. In-hospital mortality rate.
Dr Sidawy. Because when you look at individual series,
usually they report 30-day mortality rate, which may be
higher than what you are reporting in this study.
Dr Perler. We were limited by the hospital discharge
data, which went into the database. So, we have reported
in-hospital mortality rate. This is defined in the manu-
script. However, the post-discharge 30-day mortality rate
after elective abdominal aortic aneurysm repair can be
expected to be very, very low.
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